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Abstract 
Hydropower station is one of key energy construction projects in china. The hydro-mechanical component is one of 
the core parts of the hydropower station. Therefore, the importance of hydro-condition monitoring becomes even 
more conspicuous  in hydropower station. In this present study, the hardware of hydropower station hydraulic 
monitoring system was re-designed and integrated through researching hydro-determination theory and method of the 
hydropower station, using ADAM modules; At the same time, by using development tool C++ and assembly 
language, a 16-channel data acquisition and visualization operations hydro-monitoring system was completed by 
implementing the functions of acquisition, calibration, analysis, processing for the software system. Finally, the entire 
monitoring system was applied on Tianqiao hydropower, and the result indicated that this system might be a better 
method in monitoring results. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction
Hydropower is a kind of healthy, green energy, which will occupy an increasing proportion on future
energy development in China. With the continuous development of hydropower construction in china, 
higher requirements on the hydraulic turbine on-site monitoring technology has been set.It requires the 
higher real-time and reliable data of on-site monitoring to ensure the operation of hydropower station 
more efficient, stable and secure, and to better promote the development of hydropower industry and more 
secure and stable economy in downstream of hydropower station. 
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At present, some unreasonable design, manufacture defect or installation defect has caused many 
problem in the operation of turbine[1]. Some turbines, especially running in a low efficiency district or in 
low-head district, caused serious vibration and air corrosion damage. Therefore, the timely grasp of the 
actual situation of the running turbines plays an important role in the full utilization of water resources, 
the increase of economic benefit of hydropower plants, the economic operation of hydropower generating 
units and the whole power grid[2].
In the present study, based on actual demand, we designed a set of hydro-data collection-analysis 
system to achieve multi-channel data acquisition, multi-functional analysis, visualization-operations, and 
get a better application on TianQiao hydropower station by using the latest sensor technology, computer 
technology and communication technology. 
2.  Systems architecture 
The data of hydropower turbine (as upper guide bearing throw, water guide bearing throw, capping 
throw and the rack vibration, etc.) was collected by data acquisition module, and saved to the database 
using the data calibration module. The final data achieved from processing and analyzing modules was 
reflected by on the human-machine interface[3][4]. The systematic structure is shown in Fig.2-1. 
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Fig.3-1  hardware system structure
3. Hardware design 
The hardware of hydraulic monitoring system is mainly consist of sensors, ADAM-5511, ADAM-
5017, ADAM-5024, ADAM-5051, ADAM-5056 modules, industrial computer, LED display, etc[5].
Analog signals were collected by the sensors, and then input into ADAM-5017 module, ADAM-5017 
module convert an analog signal (ADAM-5051 module into a digital signal) into a digital signal and hand 
down ADAM-5511 Module, ADAM modules transmitted the digital signals to IPC or ADAM-5056. The 
structure is shown in Fig.3-1. 
The vibration measurements can be divided into the measurements of large shaft, guide 
bearings,vibration and measurements of the rack and the capping, etc; so the present system of sensors 
was consisted of eddy current displacement sensor and vibration sensors[3].
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ADAM monitoring system used a different module based on the different object monitored. If the 
monitoring parameters were different, then the module type and number would not be same. 
When connecting modules, the ADAM modules + Vs, GND, DATA +, DATA-were then together; 
some no using individual TS-485 interface modules have to make DATA + access + Vs, DATA-access 
GND, and can not be left vacant; In order to avoid distortion of signal transmission, twisted-pair cable 
were bound into the termination resistors with some resistance. 
4. Software design 
The software system of hydraulic turbine on-site monitoring was consist mainly of the read and write 
port procedures, collection procedures, data calibration procedures, plus windows program, filtering 
program, a function of process, the spectrum analysis program, drawing program, printing procedures, etc. 
Data acquisition program used to compile and C + + mixed programming, which combined the 
advantages of both languages to achieve in the Windows interface to the rapid and efficient control of the 
underlying hardware, and also for the preparation of Windows interface program. 
5. System application 
Tianqiao hydroelectric generating units were consist of five turbines, stand-alone contribute to 300,000 
KW. As the fifth generating turbine can cause powerful vibration at 0 ~ 100,000 KW, which is not 
conducive to optimal operation of hydropower stations, thus, affect the safety of hydroelectric plants. The 
system was installed and commissioned in the power plant, and the operation was described as followed: 
First, data was collected and input into the database recorded in 11 fields. 11 fields were constituted as 
followed: channel number, channel name, collection date, sampling frequency, sample gain, the main 
vibration frequency, the first harmonic, second harmonic, Peak-Peak, units[7].
Second, the data collected was analyzed and processed using software interface features in the drawing 
output, which can output a time-domain waveform diagram and a frequency-domain waveforms, and can 
be real-time displayed, showing the pass of the original data collection, real-time Fourier analysis 
integrated data. The output could be single-output, dual-channel output and multi-channel output. For 
example: X direction on the guide throw frequency-domain waveform as shown in Fig.5-1. 
Fig.5-1 X direction on the guide throw frequency-domain
Finally, based on monitoring data, test reports issued by monitoring, analyzing vibration reason, 
formed the evaluation reports. ① surface analysis. For example, the monitoring unit 5, based on the data 
obtained after analysis of the data shown in Table 1. It can be drawn from the data sheet generator-shaft 
runout excessive, probably due to errors or generator-shaft center flange is not the level of reasons. ②
deep analysis. For example, in unit in the H = 115m, through the waveform characteristics and spectral 
analysis of data obtained in Table 2. By the vibration wave spectrum analysis can be seen that the 
formation of the peak frequency of vibration waveform 0.41Hz, 1.72Hz, 4.1Hz, 5.6Hz; However, 9.2Hz, 
0. 41Hz ultra low frequency compelling. 
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Table1  No.5 unit of the monitoring data analysis table 
Measuring point The measured maximum peak - peak（mm） Allowed
values（
mm）
Pendulum Evaluation 
98m 
Head
100m 
Head
116m 
Head
Water conductivity X direction 
runou 0.306 0.295 0.519 0.31 
98m～100m Qualified，
116m Exceeding 
Water-mediated Y direction 
runou 0.263 0.289 0.273 0.30 Qualified 
X-axis direction of the Deputy 
generators runout 0.591 0.535 0.503 0.35 
Exceeding
Y-axis direction of the Deputy 
generators runout 0.582 0.526 0.503 0.35 
Exceeding
Table 2 H = 115m vibration Table 
measuring point frequency (hz) harmonic 1  (hz) 
harmonic 2 
(hz) 
horizontal roof 0.41(opening) 1.72 5.6 
vertical roof 0.41 (opening) 9.2 4.1 
horizontal direction on the rack 
0.41(big opening) 
1.8(middle opening) 
1.72 
0.41 
4.1 
the vertical direction on the rack 0.41 (bigopening) 1.72 8.2 
1.72Hz for the unit rotation frequency, and 4.1Hz, 5.6Hz, respectively rotation frequency is about 2 
and 3 octave doubling both rotating high-order harmonic vibration wave. This axis is not correct by the 
unit, dynamic imbalance in the cycle of imbalance force formed by the induction. 
0.41Hz for the crew of ultra-low frequency rotation frequency of 1/5, the reason may be a fixed part of 
the unit base and the frequency of unbalanced forces in rotating under the action of induced resonance. 
9.2Hz higher frequencies by calculation and analysis, is due to the uneven flow of volute, flow 
together into a larger vortex into the wheels caused by vibration. Vibration at a frequency of f = N * 
Zk/60, where N is rotational speed, Zk the number of leaves, then this unit f = 110.1 * 5 / 60 = 9.225 (Hz), 
is working with the vibration generated by this plant is consistent. 
   In summary, the main reason for the vibration unit may come from three aspects: ① Dynamic 
imbalance in the formation of unbalanced force due to incorrect unit axis. ② unbalanced force induced by 
the fixed part of the underlying resonance. ③ turbine sites in the formation of the uneven flow of 
hydraulic imbalance force. 
6. Summary 
State analysis hydraulic unit, which itself is very complex. However, through the combination of 
computer technology, detection technology and mathematical analysis technology, effective analysis of 
on-site state of hydraulic generating units could be achieved and thus, supply the good support for the 
hydro unit efficiency and fault diagnosis. 
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